The glycolytic metabolite methylglyoxal activates Pap1 and Sty1 stress responses in Schizosaccharomyces pombe.
Methylglyoxal, a toxic metabolite synthesized in vivo during glycolysis, inhibits cell growth. One of the mechanisms protecting eukaryotic cells against its toxicity is the glyoxalase system, composed of glyoxalase I and II (glo1 and glo2), which converts methylglyoxal into d-lactic acid in the presence of glutathione. Here we have shown that the two principal oxidative stress response pathways of Schizosaccharomyces pombe, Sty1 and Pap1, are involved in the response to methylglyoxal toxicity. The mitogen-activated protein kinase Sty1 is phosphorylated and accumulates in the nucleus following methylglyoxal treatment. Moreover, glo2 expression is induced by methylglyoxal and environmental stresses in a Sty1-dependent manner. The transcription factor Pap1 also accumulates in the nucleus, activating the expression of its target genes following methylglyoxal treatment. Our studies showed that the C-terminal cysteine-rich domain of Pap1 is sufficient for methylglyoxal sensing. Furthermore, the redox status of Pap1 is not changed by methylglyoxal. We propose that methylglyoxal treatment triggers Pap1 and Sty1 nuclear accumulation, and we describe the molecular basis of such activation mechanisms. In addition, we discuss the potential physiological significance of these responses to a natural toxic metabolite.